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HE Editor has several 
times received en- 
quiries regarding bind- 
ing volumes of THE 


BULLETINandsupply- 
ing satisfactory covers 
and binders. [eemoccure= *toomus 
that. perhaps a) “number “of sour 


readers have the same thought in 
mind. If that is so; we can undoubt- 
edly arrange to have separate vol- 
umes of THE BULLETIN bound at 
a minimum price, or if more satis- 
factory we can supply special cloth 
covered binders. 


In order to gauge the probable 
requirements accurately we should 
like to have every reader of THE 
BULLETIN who wishes such covers 
or binding, write us and state his 
preference. We are of the opinion 
that a permanent book binding of 
flexible cloth, stamped in gold is the 
best method of permanently pre- 
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serving your file, but should like 
to positively ascertain if this view 
coincides with the wishes of sour 
readers. 


Upon receipt "ot your letters ewe 
shall be in a position to quote prices 
on this work, which if it was individ- 
ually attempted, would amount to 
quite a good price. 


At the same time that you are 
writing -us.-on this subject, look 
around. and" see if you cam uealse 
send us a good water power picture 
for use as a cover design. We have 
enough of this material to last for 
about three months, but we wish 
to keep our covers made up some 
time ahead, and (it. will assistsus 


ereatly if every reader keeps on the 
lookout for suitable illustrations for 
us. We hope that everybody will 
make it a-point to keep this* in 
mind. 
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The Tungar Rectifier 


By F. K. DALTON 


Assistant Laboratory Engineer 


URING the past few 
weeks the Laboratory 
Engineers have been 

JD making a thorough 

Z, investigation on the 
Tungar Rectifier, a 

small piece of apparatus for recti- 
fying alternating currents: at low 
voltages. This type of rectifier is 
designed primarily for the purpose 
of charging storage batteries but 
when arranged with different con- 
nections may be used in any case 
where a pulsating undirectional cur- 
rent is satisfactory in place of the 

Steady -cirect . current. 

‘(ies Kuncar 
Rectifier is a com- 
paratively new 
article on the mar- 
ket having been 
produced recently 
by the General 
Electric Company 
ASTaTmesuUlusOle ex= 
periments carried 
on in their Re- 
search Laboratory 
ine socheneteady, 
New York. 

For some’ time 
Scientists, Nave 
known that a 
vacuum tube, in 
which are contain- 


Positive Ble 


ed a hot electrode and also a cold 
electrode, will permit current to flow 
between these in one direction only, 
namely from the cold electrode to the 
hot one. If used; then, in* an alter- 
nating current circuit it will prevent 
nem current e4rOm: Owing sins eone 
direction but permit 1b to ow an 
the other, thus acting as a rectifier 
tO give 4- pulsating current im one 
direction only. A device of this 
kind -is termed a “One-half wave’ 
rectifier on account of the fact that 
only one-half of the alternating 
current. wave is available’ in the 
rectified current. 

The rectifier as 
sold, consists 
essentially of a 
small single phase 
auto - transformer 
designed for the 
supply voltage at 
the desired fre- 
quency, and hav- 


Pole 


Acqon Gas i 
ing two taps at 
Graphite Anode about 3. volts 
A ees Aparte bute beth 
Tengsten Cathode, Some distance from 
Ones end Oly the 


winding. Onthese 
two taps is carried, 
as load, the tungs- 
ten filament of the 
rectifying tube. 
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Rectified Volts 
Peak at Ne Lood 


Figure 1 shows a cross section of 
the tube referred to in which may 
be seen the filament and the graphite 
block which acts as anode in the 
rectifying process. It will be noticed 
that the tube is designed to fit a 
mogul socket, in this way facilitating 
an intercharge of tubes. 

The bulb itself is made of glass 
about 3 inches in diameter and is 
filled with an inert gas. Argon, in 
a high state of purity and at com- 
paratively low pressure. The gra- 
phite becomes the anode, that is, 
the terminal into which. current 
flows from the outside circuit: the 
heated filament becomes the cathode, 
or the terminal from which current 
Hows soutimto the outsides circuit. 
Hence, inside the bulb the current 
flows from graphite to filament 
through about a half inch of argon 
gas. 

Various metals have been used for 
the filament but tungsten has been 
found most satisfactory as it does 
not dissolve or contain any gases 
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and therefore permits of a better 
vacuum within the bulb. 

All bulbs are carefully exhausted 
to the highest possible vacuum and 
then filled with the argon gas, but 
as certain impurities, even though 
present in very small quantities, 
will cause a more or less rapid dis- 
integration of the filament and also 
very materially increase the re- 
sistance of the tube, it is necessary 
to employ some means of insuring 
absolute purity of the argon. 

This is accomplished by the intro- 
duction of certain substances into 
the bulb before exhaustion, which 
chemically react with any = such 
impurities as may be present. When 
the. tube. is. started =the sours 
evaporates and deposits itself on the 
inner surface ‘of~the bulb causing 
a dark discoloration. ~ [he bulb 
when sold, therefore, has much 
the same appearance as a worn out 
tungsten or carbon lamp, but this 
discoloration does not in any way 
aifect. the operation Gl i thewmturec, 
and it is only in the matter of appear- 
ance that it is objectionable. 

When first placed in circuit and 
the current turned on the bulb is 
illuminated in much the same way 


Fig 4, Wel fred Half wave 
Voltage 


Tanigh “BeUeil Bel olen 5 


and to about the same brilliancy as 
a low candle power tungsten lamp, 
but after carrying load for a few 
minutes the bulb emits a delicate 
light if the vacuum be not good. A 
new, correctly made bulb does not 
change color with increase in load, 
hence any such change may be con- 
sidered as an indication that the 
bulb is wearing out. 

The life of a bulb varies from six 
hundred to three thousand hours. 
Some bulbs, however, have been 
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known to give over eighteen months 
of nearly continuous service. The 
failure always occurs in the filament 
since it is continally disintegrating 
while current is flowing through the 
tube from the anode to the cathode. 
The filament is made particularly 
rugged; and, operating on the low 
VOlLACE Ole eto UtO- 3 VOlLS, cequires 
a current of 18 -to.22 amperes. 


One-Half Wave Rectification 


The connections of a single recti- 
fier for one-half wave rectification 
are-showm tn Figure 2. It will be 


Fig 6 aes ; 


observed that the taps on the auto- 
transformer are at 26.6 and 29.6 
volts respectively from one end, 
i.e., from the end which is carried 
through as the positive load wire, 
the negative load wire being con- 
nected to the anode (graphite block) 
of the tube. The rectified current, 


though pulsating, will not change 
in direction and will flow as shown 
by the feathered arrows. The load 
is connected between the leads 


marked plus and minus in accord- 
FEQUIFEMENLS.. ase neO 


ance awit 
polarity. 


Freq. & Rectifved Two Half Wave 
Voltage. 


Voltage ~ 


Figure 3 shows the pure sine wave 
of voltage just as recorded by the 
oscillograph from the 25 cycle lines 
Ol them @omimission.. ‘hes dotted 
linesrepresents the zero value, lhe 
voltage between the positive lead 
(Figure 2) andthe taps will be of 
the same shape and have a peak 
value of 38 volts, but as seen is 
alternating on both sides of the 
Zeron line: 

Whetettectsou, the rectifier. willbe 
seen. in comparing Figure 3 and 
Figures 43 lta willbe: noted™ that 
in the latter, the voltage values 
are Onl in-onerdirection, the lower 
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Load 


halt of. the wave is s.completely. 
cut off. This wave is the: rectified 
voltage at no load which has.a peak 
value equal to 88 volts, but will 
indicate much less than this on a 
voltmeter. AnA.C. voltmeter reads 
16.8 volts whereas a D.C. voltmeter 
reads 10 volts. 

As load is applied and increased 
the. value of ‘the voltage, ready by 
either type of instrument drops 
almost in exact proportion to the 
load: ‘clirrent, --Pigure +5 shows «the 
wave form of voltage and current 
with a load of 6 amperes with which 
the voltage is 7.5 volts (readings 
by direct current instruments only.) 

In the charging of storage batteries 
the rectifier finds its greatest use. 
It permits current to flow one way 
and will not allow any reversal even 
when the rectifier voltage is on the 
zero line, which it is for a large part 
of the time. Furthermore the recti- 
fier is self-starting. The bulb starts 
and is ready to rectify as soon as 
the; -switch is on the 
supply circuit. If power goes off, 
the bulb will cool down, no current 


thrown in 


can flow in either direction, and no 
harm can result. Upon power being 
re-established the bulb will auto- 
matically pick up its load and 
continue. 

With a storage battery load the 
current only flows during the time 
that the rectifier voltage is higher 
than the storage battery volts, 
so that voltage and current waves 
will be as shown in Figures6; elt 
will be observed that the available 
voltage above battery volts will 
decrease very rapidly as the battery 
volts increase. Although a rectifier 
of this type may be successfully 
used to charge any battery having 
a voltage. less than 38s voles.) at 
becomes so slow that it is impractical 
if the battery voltage be above 
about 15 volts. 

The power factor of the supply 
current is about 86% lagging with no 
load on the rectifier and gradually de- 
creases as the load’ increases.) sae 
efficiency of the whole outfit at 
full’ tload® Gs; > 1595 wiicis aus 
exceedingly low. These saressnor 
particularly advantageous features, 
but are not of so very great con- 
sequence it they convenience so! 
using an automatic rectifier without 
moving parts, is taken into con- 


sideration. 


VolTogt - one phaseronly 


~_ one Phase only 
laAcce FPhose Connection 
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Fig LS. Reetified Voltoge 
Three phase connection 


Two-Half Wave Rectification 


Two single phase rectifiers may 
be connected according to Figure 
7 on a single phase circuit with an 
impressed voltage of twice that used 
for one rectifier. Starting with the 
same voltage sine wave, Figure 
3, we will find that the left hand 
rectifier will operate as the one in 
Figure 2, but the right hand recti- 
her will operate on the lower half 
of the wave not only rectifying, but 
eversine | it) sO that wes havea 
rectified voltage wave with twice 
the number of peaks obtainable by 
a single rectifier. Figure 8 shows 
this no-load voltage as obtained by 


twouetrectiiers. lhe zero. tine*™ 1s 
dotted. 

\Whent load is 

applied by con- 


necting resistances 
fia = CIrCUIE et he 
voltage wave is not 
only reduced in 
peak value but is 
seen to rise from 
the zero line (Fig. 
9) indicating that 
at ~every instance 
Phemecurrente tads 
a positive value, 
varying, of course, 
but nevertheless 


undirectional and at no time of zero 
value. 

Two rectifiers with this connection 
(Figure 7) will charge a storage 
battery twice as quickly as one 
rectifier since we have two peaks 
olm equalasize: “per cycle sinsteadmot 
only one peak. 


Three-Phase Rectification 


On account -of “the fact. that the 
Tungar tube is an absolute rectifier 
and positively prevents a reversal 
of current, it is possible to connect 
three single phase rectifiers in star 
on a balanced three phase circuit, 
as shown in Figure 10. The neutral 
of the star connection is brought out 
as the positive lead to the toad. 
‘Lhe. tthree: tubes: are,y of course: 
Similar ancdm-connections = ates the 
same—with regard to the different 
phases. 

Figoress “Lill andwel 2. anes © re 
Spectively, . thes? unrectitieds. = and 
rectified voltages of one phase only. 
The three phases operating together 
give us a voltage at no load as illus- 
trated aie es tore wr lo eereltiesviliembe 
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noted that the peaks shown in 
Figure 13 are more. pointed than 
those shown in Figure 4; each one 
iSuitherelon ess meltectivemstnarestne 
single phase voltage wave and as a 
result the three rectifiers will not 
charge a storage battery quite three 
times as quickly as one will do. In 
the investigation we made we found 
that the three rectifiers on a three 
phase supply would act about 2.3 
times <as ast) aS, alsinge fectitier. 
The effect, though, is balanced on 
the different phases. 

When load is put on to the three 
phase equipment, the voltage leaves 
the zero line and also is reduced at 
the peak thereby reducing the am- 
plitude of the ripples on the rectified 
voltage. This ripple has a. fre- 
GUenCywOL 75: Cycles oned eaoncycle 
circuit. 


Protection 


It will be seen that one of the 
primary leads forms a load lead 
when one rectifier is used, and that 


in Figures 7 and 
10, one load lead 
is \ connected) to 
the primary side 
through the wind- 
ing of the trans- 
OSL OL Se emacs 
makes it necessary 
to insulate our 
load for the full 
primary voltage. 
This feature must 
be considered in 
installing the recti- 
fier for any ser- 
vice; but: particu- 
larly so when for 
storage battery 
work since the operator's hands are 
liable to be wet, and the danger in 
receiving “a | shock. Vis» sthereoy 
increased. 


Time of Charging 


It--may ‘be offs interestetogsome 
readers to make a small calculation 
on the time required sto chargea 
certain set of storage batteries. It 
is taken for granted that the reader 
realizes that the voltage of a battery 
rises while charging, and for sim- 
plicity in calculation we will let the 
average value of the battery voltage 
be represented, Dy aeula, | 

Let the resistance—in ohms. of the 
battery as “connected: sabes dias aia 
let. T berthe< times inv hours = lie 
resistance of a rectifier is 0.7 ohms. 
It’ is obvious “from. as, glances at 
Figure: 4. 0r “igure. la setnateeie 
rate of charging is much slower for 
a battery of 20 volts than for one 
of 5° volts, not only because sede 
resistance of the 20 volt. battery is 
liable to be higher, but the value 
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of rectified volts in excess of battery 
volts will be less. 


In Figure 15 are given two curves, 
one for the single phase rectifier 
and one for the three phase con- 
nection of three rectifiers, - The 
values of K and K’, referring re- 
spectively to the one and three 
phase systems, are the effective 
values of the rectifier volts in excess 
of battery volts “V’”’ for all values 
of battery voltage up to the peak 
of the rectified wave. 


The charging current—one_ rec- 
tifier—will be equal to 


See 
R+0.7 


The time necessary to charge equals 


Ampere hours required by one cell 
charging current 


ampere hours required by one cell. 

The number of ampere hours 
necessary to charge a cell, or) the 
amperes NOWUrse a cell ismcapablesot 
delivering) is usually specified on 
the cell. It should be understood 
bye thes teacemethat muKeee willlieine 
used as in Figure 7 connection, and 
replaced by 2K if two rectifiers are 
Dy wue tie threes rectilierssoenUsed in 
Figure 10 connection. 

As before mentioned, the rectifier 
is automatic and the battery may 
be left to charge during the night, 
no harm resulting from one or 
several failures of the power supply. 

ihe powermiactoreand:chiciency 
curves given in Figure 16, apply 
to one, two or three rectifier equip. 
ments as described herein. 
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The Telephone 


Why the Permanent Magnet? 


HE =telepmone receiver 
is probably the elec- 
(rica) levice. thate is 
most frequently hand- 
led by the general 
puDlic, © sts essential 
parts are the iron diaphragm, the 
copper wire coil and the permanent 
magnet. core. The diaphragm is 
obviously the part which vibrating 
under the influence of the magnetic 
field, produces sound waves in the 
air; the coil is naturally the con- 
necting link between the electric and 
magnetic circuits whereby vibrations 
in the current will produce vibra- 


Y 
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tions in the magnetic field; the core 
is, of course, a part of the magnetic 
Circuit, but why is it a strong per- 
manent magnet? 

Firstly, suppose that the core is 
of soft iron and will not retain any 
magnetism, and that the current in 
the coil follows a pure sine wave as 
Figure I; then, quite independent of 
the direction of the current, the 
diaphragm will be pulled in when- 
ever the current reaches a maximum 
value, positive or negative. During 
one cycle, the diaphragm will be 
drawn in twice, and released twice; 
that is, it will make two complete 
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sound waves for one cycle of current 
(Figure II). Consequently the 
sound waves will have twice the 
frequency of the current and will 
produce ‘a higher note than in- 
tended—namely one octave above. 


The pull of a magnet on a soft 
iron diaphragm at fixed distance 
varies as the square of the strength 
of the magnet. With a soft iron core, 
the strength of the magnet varies 
approximately as the currents in the 
coil, hence the magnetic pull varies 
almost as the square of the current. 
Now, as a sound wave of the human 
voice contains a lot of higher har- 
monies (sounds of high frequency) it 
follows that a current controlled by 
telephone transmitter will also con- 
tain these higher harmonies. Since 
the pull of the soft iron core varies 
almost as the square of the current 
(distance fixed) it follows that the 
effect of the harmonic is very much 
magnified, and as a result the sound 
wave is usually distorted beyond 
recognition. 


SO. muchietor the ssolt. 1ron core, 
let us see the improvements when 
the) core is\se “permanent macnct, 
and the coil so wound that the 
influence of the current alone is 
small. Let b be the magnetic pole 
strength caused by the current in 
the coil—b-varies as the current 
(approx.). Let B be the strength 
of the permanent magnet core. 
The total strength with current flow- 
ing equals (B+b). Let P be the 
pull on the diaphragm, or the rela- 
tive motion of the diaphragm with 
relation to the face of the iron 
core. 


P varies as (total flux”). 
that isaac eo 
which equals (B? +2 B b +b’). 


As B has a fixed value, B’ also 
has a constant value and does not 
produce any sound waves. 


It has been stated that if the pull 
varies as the square of the current, 
we get large distortions. It naturally 
follows that where b* occurs in the 
formula, there is bound to be some 
distortion also. If now, we make 
the valuesof = B (thes permanent 
magnet) large, and the value of 
b (the iniluence-of stheveurrenu 
small, the term “‘b2'’ becomes of 
little consequence. 


P varies as (B” +2 B b +b’) 


If “B*’ is constant and b? is 


small, we practically have P varying 
aS elon 


ie= P varies as* bs whichwisetene 
result we desire. 


As all higher frequencies will be 
produced in the right proportions 
and there will not be any double 
frequencies, but we also find that 
the amplitude of variation depends 
on and varies as the strength of B. 
Hence a strong permanent magnet 
and a comparatively weak coil will 
produce a very close approximation 
to a true sound wave—Figure III. 


In long telephone lines, some 
means must be used to prevent the 
harmonies being increased due to the 
capacity of the line, or reduced due 
to ‘the- reactance of: the linewane 
instruments. The above discussion, 
however, is based on the current 
actually being passed through the 
coil of the telephone receiver. 
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Economical Increase Made in Bia 
Capacity 


By S. BINGHAM HOOD 
Superintendent of Distribution, Northern States Power Company, Minneapolis 
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Yj iene have just] been 
Y completed in Minne- 
apolis, Minn., exten- 
sive changes to a 
— __ larce = section» of the 
distribution system 
which serves the residential section 
iaclicwsoUrnTcnd: Olvthe= citys ‘“hhe 
steady growth of this district had 
resulted in overloading the old sys- 
tem of mains and feeders to a point 
where good service was impossible. 
Por some years past it had been 
found necessary to reinforce feeders, 
erect larger or more numerous trans- 
formers: and increase, the size of 
secondary bus lines. These changes 
were made as increased loads de- 
manded, and, being purely local 
ine theirs corrective. character, = did 
not result in a general betterment 
of the system as a whole. 
Realizing that such methods of 
correcting local troubles were leading 
nowhere, it was decided about two 
years ago to entirely revamp this 
Section ol) the systent. 9 lhe: vold 
system consisted of a network of 
single-phase, 2800-volt primary 


feeders and mains serving lighting 
and small single-phase motor loads. 
It included also several three-phase, 
2300-volt feeders supplying the larger 
power loads, principally along a 
narrow strip following. the railroad 
which bisects this section of the 
city. These feeders were supplied 
from a local step-down station fed 
from the 13,200-volt main feeder 
network. 

The power feeders were unregu- 
lated, but each lighting feeder was 
equipped with an automatic induc- 
tion regulator. Excessive drop from 
increased loads not only resulted in 
exceeding the safe carrying 
of the feeders themselves but made 
the voltage variation too great for 
compensation by the regulators. The 
natural result of this was that these 
feeders quite generally operated un- 
regulated during the peak hours 
because every regulator was “up 
against’ its limit stops. To make 
matters worse, the variation in drop 
between different sections of the 
same feeder was excessive, and, 
finally, the drop on secondary bus 
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Fig. 6-—Transformer Mounting 


lines made service to the customers 
near their extreme ends anything 
but first-class. 


Iiies "selection orp the: ultimate 
system was made a matter of most 
careful and extensive study, re- 
sulting in the adoption of the 
2300/4000-volt star-connected pri- 
mary three-phase system, using a 
common neutral. The secondary 
bus lines were interconnected 
throughout each phase section in a 


manner very similar to standard 
direct-current network practice. 
This “‘common-neutral” system is 


not by any means so well known or 
its advantages so well understood 
as they should be. It has been 
successfully employed for a number 
of years in several large cities, and 


in every case has given most satis- 
factory results both as to economy 
and reliability. 


Typical Example of 2300/4000-Volt 
Feeder Layout 


In order to show just what this 
system is and to demonstrate its 
extreme simplicity, Figure 1 is given - 
to illustrate a typical single-phase 
branch from a 2300 /4000-volt feeder. 
Here are -twoshort Secondary ‘bus 
lines, each supplied from its own 
transformer. The primary neutral 
is usually only grounded at point A 
in or near the substation. Each 
secondary neutral must also be 
erounded to comply with existing 
regulations. This method of opera- 
tion has frequently resulted in seri- 
ious trouble due to excessive currents 
during single-phase short circuits 
flowing over the primary neutral. 
Where this condition occurs the 
drop in pressure in this wire raises 
the potential to earth. In many 
cases. this increase us -suiiieicnty 10 
cause ‘not only ‘excessive "voltage 
on the other two phases of the same 
three-phase feeder but also break- 
downs in insultation. 


In order to overcome such un- 
desirable’ “conditions. it 71s quite 
generally the practice to place ad- 
ditional grounds at other points on 
this primary neutral, as indicated 
at) _B. =~ his apermits che searemere 
carry current in parallel with the 
regular metallic return. Under nor- 
mal conditions the division of 
current over the two paths is such 
that no detrimental effects result. 
In the case of short circuits, however, 


the earth will carry considerable 
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current and the increase in potential 
due to distortion of the neutral is 
averted. Under some conditions 
this method of operation has been 
found to affect seriously local com- 


milmicatione circuits» | where: close 
parallelism occurs. With the “‘com- 
mon-neutral’” system such __inter- 


ference has been found to be of very 
rare occurrence and to be practically 
negligible. 

Ivelering again =toutipure ly sit 
is clear that two wires of the system, 
tiemeprinary= neutral. wand the 
secondary neutral, are paralleling 
CCmeOtncn 0M) Ols theseamare 
erounded and are presumably held 
at the same. potential, and with a 
well-designed system each carries 
very small currents normally. It 
Enereiore Ollows ‘thatsit, theser can 
be safely combined into one wire, 
considerable economy will be 
etlected... he.) secondary neutral, 
if it complies with established re- 
quirements, must be “permanently 
and effectively grounded. This 
means that the secondary ground 
must protect against high-tension 
€resses!. Under. the» most > extreme 
abnormal operation conditions. If 
it will do this, it most evidently will 
also protect against any normal 
operating condition; therefore these 
two conductors can be safely com- 
bined if the neutral grounds are 
what they should be. In order to 
obtain an effective ground, “water- 
pipe’ grounds must be used ora 
considerable number of driven-pipe 
or rod grounds connected in parallel. 
Getting Away from Transformers with 

Taps for Odd Ratios 

Referring to Figure 2, it will be 

noted that the secondary neutrals 


mterconnected “at AG 
placing all secondary grounds in 
parallel. This secondary neutral is 
extended back to the substation and 
connected to the ‘neutral of, the 
primary bank, which is grounded 
at the station also. In connecting 
the line transformers the primary 
lead to the phase wire is protected 
byaan- tise aenoke = coll anciacom- 
pression-chamber lightning arrester. 
The. other primary lead is scarried 
around the case and connected solid 
to the secondary neutral leads. [his 
iSy eOLietl yar wnat ai Se bermiccuetine 
“‘common-neutral” system. With it 
only one-half the transformer auxili- 
ary equipment is required, compared 
with a delta system or even a star 
system with the neutral grounded 
at the substation only. 

A further advantage as regards 
transformers is the ability to use 
a standard twenty-to-one ratio trans- 
former for ratios of nineteen to one, 
twenty to one and twenty-one to 
one without recourse to taps. These 


have been 


odd ratios are obtained by tapping 
the grounded primary lead of the 
tfansiorimeny to, cituer) One On the 
other of the outer secondary leads, 
thereby converting a standard trans- 
into an auto-transformer. 


former 


Figs. 4 and 5—Old and New Service Connections 
on Pole 
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This scheme is often of value in 
serving a scattered territory from a 
single long feeder. 


Not a Three-Phase Problem 


In order to get a proper conception 
of this system it should not be 
considered as a three-phase problem, 
but as a straight single-phase pro- 
position using a single potential- 
phase wire and a grounded return 
of negligible resistance. In starting 
this work of changing over the 
system, conditions were generally 
as illustrated in Figures 3. and 4, 
where the former represents the 
primary arrangement and the latter 
the short sections of secondary bus 
served. The first step taken was 
to interconnect all the secondary 
neutrals in order to form a neutral 
eridiron throughout the entire dis- 
EriCt Served aus Lew apse between 
sections varied from several spans 


to that represented by the gap 
across insulating breaker knobs 
inserted: “between madjacent ” ) ous 
sections. These small secondary 


sections were mostly composed of 
three «No. 6 NBy GQ, a>. wireseattacmed 
to cross-arms on which both series 
arc and primary wires were carried. 
Service taps were taken off from 
Duck. =sarms: The transformers 
Varied inssize from) kya. to 2o0kva. 
and were mounted at the tops of 
the poles, being hung from the 
regular line arm. | 

In revamping this system of 
secondary mains with a view to 
later interconnection, a standard 
size of transformer (20 kva.) was 
selected. These units were generally 
installed on the cross-town streets 
at intervals of three blocks, every 


second street being used for a 
cross-town main bus lead. On these 
cross streets a distributing bus was 
run, ‘using Now21 Bs @hesfemousers 
and No; 4 B.-@-s, for*themeuttar 
Branch mains were then carried 
down intersecting alleys to complete 
the secondary grid. Where the load 
permitted existing mains were al- 
lowed to remain up, otherwise the 
outers: were- replaced _with Now 4 
B, (65. the neutral beingatert wNe: 
6. In re-running these mains sec- 
ondary racks were used in all cases. 
They were located 2 feet (0.6 m.) 


PRIMARY NEUTRAL 


PHASE WIRE 


PHASE WIRE 


) 
COMMON NEUTRAL iia 
Ew 


[ Sf 
rae 


Figs. 1 and 2—Regular and Common Neutral 
Systems 


below the lowest high-tension line 
arm. Services taken off from the 
same side as the line rack were 
attached directly to this rack. Those 
on the opposite side were supported 
by a service rack of the same type 
as the other. Figure 5 gives some 
idea of the improved appearance of 
the rearrangement. 

The various neutrals were run 
through solid between sections, the 
outers being sectionalized by in- 
serting a standard porcelain breaker 
knob. When the final change-over 
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was completed these outer breaks 
were bridged by a jumper type of 
fuse block using a multiple copper- 
link fuse designed especially for 
taisssystem Each: section of the 
secondary was so laid out that with 
these breaks open the load would 
bes correctly apportioned ‘to. | the 
transformer serving the section. 


Standard Transformer Mounting 


Reduces Pole Stresses 


In rearranging the transformers 
{acy sweresmounted On a new. type 
of ‘standard’ framing located so 
that the transformer would be 4 
fectm(le2uim.). below the lowest cline 
arm, the secondary line rack being 
placed midway in this pole space. 
Figure 6 shows this framing and 
indicates its advantages as regards 
Accesstpilitty. sand “decreased «pole 
stresses in comparison with the 
old pole-top mounting. Each trans- 
former was fused temporarily on 
both sides of the primary, one leg 
being removed upon completion of 
the change-over, as is explained 
later. The secondary fuse, shown 
just above the transformer, is a 
special outdoor type of block using 
the copper-link multiple fuse on 


outer wires.. “The neutral ‘goes 
through solid and is held rigid by a 
clip. | 


The rearranged secondary would 
appear as shown in Figure 7. This 
arrangement was employed over the 
entire district, in so far as practic- 
able. In interconnecting, the fuses 
were of course left off these breaks 
which formed the division between 
primary sections served by different 
feeders and from different phases 
of the three-phase station bus. 


The old primary scheme as shown 
in Figure 3 was that of running out 
a pair of No. 4/0 feeder wires from 
the=substation to, a; lend’ center: 
From this center branch mains 
were taken off through disconnect- 
ing blocks or oil switches tothe 
several sections of the district served. 
In rearranging the district the terri- 
tory was so divided that, roughly 
speaking, there would be three 
new sections for two old ones. Each 
new section required one No. 4/0 
wire (ground return). This plan 
required running one additional wire 
feederey “UWltinvatelyaettheseniearcst 
parallel feeder was removed. This 
meant using three out of four No. 
4/0 wires between the station and 
the load, or a net saving on feeders 
of 2oryper cents alm addition) torthis 
saving the feeder capacity was auto- 
matically increased on account of 
increased voltage by 50 per cent., 
and, assuming negligible return drop, 
the losses were reduced by 66 per 
cent. under present loading and 
by 00) pervcent.-whenethesultimate 
increase. OlmoUsperrcentwsis made in 
loading. 


ike Wcomplete ttiies teruciieecircunt. 
heavy neutrals were taken out of 
the substation and carried in four 
directions for several thousand feet, 
tapping the secondary gridironed 
neutral network at each intersection. 
With this arrangement the return 
copper cross-section was very large, 
and no dependence was placed on 
the carrying capacity of the earth 
returns. It should be mentioned 
here that water-pipe grounds were 
liberally distributed over this entire 
neutral network, in addition to a 
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large number of older driven-pipe 
ground connections. 

From the end of the No. 4/0 
feeder wire of each single-phase 
section smaller single-wire primary 
mains were run. These were con- 
nected in a series of closed rings. 
This closed ring feature is essential 
to a successful operation of an 
interconnected secondary network, 
otherwise a break in primary will 
permit of a step-up-and-down trans- 
formation around the break. Such 
a condition, if permitted, forms the 
trap which has resulted in failure 
of so many interconnection schemes. 
The new primary arrangement is 
typically illustrated in Figure 7. 
Comparing this with the old arrange- 
ment of Figure 3 will show at once 
the gain in simplicity and uniformity 
in voltage distribution which must 
result. 


Distinguishing Marks for Different 


Classes of Lines 


In running these new primary 
lines; the-old work wineso arsashit 
was utilized, was overhauled, slack 
was pulled up, and the insulators 
were changed from glass to porce- 
lain. A small 6600-volt porcelain 
insulator now is used to distinguish 
2300/4000-volt primary wires from 
arc circuits. Secondaries being on 
racks, possess a distinguishing mark 
for the low-voltage group. The old 
second primary was allowed to 
remain until the time of change-over. 
It was reconnected where necessary 
tO. maintain” the ioldecireuit: limits. 
Shortly before the change-over was 
made the old delta system was 
grounded and connected to the 
neutral network, this ground con- 
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nection being attached to the B 
or middle busbar in the station. 
Following this, those single-phase 
circuits which were supplied from 
the A-B and B-C busbars were 
converted to common neutral return. 
In this conversion the old second 
primary was taken down, and the 
fuses, choke coils and compression 
chamber arresters were removed 
from. -the~ grounded: =side toieer ne. 
transformers. The — driven-pipe 
erounds formerly used only for the 
arresters were at this time tapped 
also. to “the common: neutralene x6 
the change-over was made the vari- 
ous secondary sections were tested 
out for polarity and were inter- 
connected through the jumper blocks 
and fuses between sections. 

On the final change-over the 
Station transformers were changed 
from delta to star. At the same 
time the distribution network still 
supplied irom, sthe | 14-Gapainewon 
busbars was cut loose, one end of 
these sections being then tapped to 
the? new feed “supplied tromimtiesb 
bus, the other being grounded to 
the “common “return.” Water these 
middle sections were cut over at 
each transformer and the surplus 
wire was removed exactly as had 
previously been done with the A 
and C sections. 


Statement of Results and Savings 
Effected 


It will be clear from the foregoing 
that the saving effected on the 
primary mains as well as the line 
transformer auxiliary equipment was 
just 50 per cent. In addition, there 
was a Saving due to simplification of 
the distribution layout, as can readily 


THe te EUs by en 17 


—— Primary Network 
- —- -~— Secondary Network 


Fig. 3—Original Primary and Secondary 
Networks 


be seen from comparison of Figures 
DEanG 

In converting the three-phase 
power=circuits from delta to “star 
considerable saving was effected by 
feeding small outlying power loads 
from overlaps from adjacent lighting 
feeders which were fed from different 
bus phases. This very considerably 
fecuced the mumber of. lone -but 
small three-phase primary branches 
in the system. 

Where the power load was fairly 
well concentrated it was found 
economical to  do_ considerable 
grouping. « Most “of | the .smaller 
power banks were operated open- 
delta, requiring either open-star 
operation or the installation of a 
third unit. By grouping these units 
advantage was taken of a_ wide 
diversity factor. In one case eigh- 
teen transformers, aggregating over 
200 kva. in rating, were replaced by 
a single bank of three 30-kva. units. 
On the final change-over all that was 
necessary was to cut these remain- 
ing banks from delta to star on 
the primary side. In several cases 
customers were using the 2300-volt 
energy directly in their motors. 
For these auto transformers were 
installed, converting from 4000 volts 
to 2300 volts. 
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In this change-over the saving 
in transformers has been a very 
considerable economy. The _ total 
kilovolt-ampere capacity installed 
not only is less, but those units 
released have been of the smaller 
sizes, having a greater value per 
kilovolt-ampere. These small sizes 
released will serve to fill demands 
for some time to come in those 
suburban sections where small units 
are needed. 

Supplying Fluctuating Loads 

A further economical feature of 
the interconnected secondary net- 
work worthy of note is its ability to 
supply fluctuating loads. With the 
old systems of isolated secondary 
sections it was generally necessary 
to install individual transformers 
for rectifiers, X-ray outfits, single- 
phase motors, motion-picture 
machines and similar apparatus. All 
this equipment is now supplied from 
the regular secondary bus without 
noticeable interference with good 
lighting regulation. 

The® operation*-on this isystenmris 
more than fulfilling all expectations. 
It has already successfully weathered 
several unusually severe lightning 
storms, these same storms having 
caused. no end of trouble on the 
older system immediately adjacent 
to the district now served by the 
““common-neutral’’ system. 


| 
Primary Phase Wire 4 
——— Secondary(Three Wire) 


“- PHASE RINO 
(SINGLE WIRE ONLY) 
RETURN OVER SECONDAR) 
NEUTRAL 


< 
U" seerior BREAKS AND FUSES 


‘ NEUTRAL 1S 

: CONTINUOUS AND 

WNOT SECTIONALIZED 
(a 


Fig. 7—New Primary-Phase Section and 
Secondary Networks 
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a native of Scotland, 
educated at the High 
School of Stirling and 
the Glasgow and West 
of Scotland Technical 
I901 entered 
of Mavor & 
Goulsonz ltd), -sengineers 
and electricians, Glasgow, 
serving a regular appren- 
ticeship in their various 
departments, and in ad- 
dition completing two 
years in the designing de- 
partment for electrical 
machinery. 

He resigned in 
LQOS,. “tO. - become 
connected swith 
Johnson & Philips, 
Lidmor sl ondon: 
England, as Chief 
Testertand lrector: 
The following year 


AX 


N 
\ 


Z 


Collecewn ain 
the employ 


became assistant 
Secionere sto. Pro- 
fessor = Kahan, Bot enthes wisrush 
Electrical Engineering Company, 


MALCOLM M. INGLIS 


Ltd., of Loughborough, England. 
In 1910 appointed Chief Electrical 
Engineer of W. Y. Craig & Sons at 
their Brynkinalt Collieries, North 
Wales, but severed this connection 
in 1911 to seek his fortune in the land 
of the Maple Leaf. Shortly 
after his arrival in Canada 
he was appointed Electrical 
Engineer: ‘to’ the lown ot 
Yorkton, Saskatchewan, 
and served in this capacity 
until the latter end of 
191s: They Bast’ having 
its’ “attractions—"ands the 
opportunity presented it- 
Sélt; early, cin'sa1 G10; Vie 
Inglis became con- 
nected .awatl niet ne 
Public Utiittres 
Commission of the 
Cry RO eels Orme 
AtthUrsOnvariowmas 
Manager of the 
ish oreo wer 
Street Railway & 
Felephones De- 
partments, and continues in this 
capacity. 


PUTDEDEDED EEE 


The business of this company is 
to. ‘sell atservice; sandesa- part.oi 
service—good service—is courtesy. 
Courtesy is a combination of good 
manners, cheerfulness, patience and 
self-control. Courtesy is not bowing 
and scraping; it is a standard of 


right thinking and right acting. 


Vk: 


A 4 


lways 


The times when an employee finds 
it hardest to be courteous are the 
very times he needs it most. Cour- 
tesy is not mere politeness; it is the 
cornerstone of individual character. 
Courtesy, as “defined heregais an 
imperative rule of this company.— 
A. G. & E. Bulletin. 
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Severn System 


COLLINGWOOD.—A _ new - sub- 
Station constructed for the purpose 
of supplying power to the steel plant 
operated by Messrs. William Ken- 
nedy W Son, has been completed 
and placed in operation. This 
station is served at 22,000 volts from 
the main distributing station in the 
Municipality. It is quite probable 
that an additional load will be 
secured at Collingwood in the near 
future, which will increase the de- 
mand in this Municipality to approx- 
imately 4000 H.P. 


The Commission is investigating 
at the present time the various pro- 
blems in connection with supplying 
this amount of power, in the nature 
of rate investigation and possibilities 
of developing and transmitting this 
additional load. 


MIDLAND.—A 300 K.W.. syn- 
chronous condenser has been in- 
stalled recently by the local com- 
mission, and is now utilized for 
power factor correction. Practically 
all of the power utilized by munition 
plants in this municipality will be 
taken up by new and _ additional 
industries located in the municipality, 
and it is not anticipated that the loss 
of load formerly used by munition 
plants will in any way affect the 
demand for power in Midland. 


STAYNER. — Additional equip- 
ment has been recently installed at 
the Georgian Bay Milling Company's 
plant, and an extension made to the 
distribution system by the Munici- 


pality to take care of the increased 
load. 


GENERAL.—The extension of 
the Severn System in the southern 
part. .of “thes oimicoe Count yvaretnie 
construction of which was begun 
in’ the-latter part ot 1917 ,enas now 
been completed. This extension 
involved=the <construction! som six 
SUDStatlOnswy EWOr. Deine) eOn sorick 
construction and four being of an 
outdoor type. ‘nencapacitics OF 
these substations range from 25 K.W. 
tO 3 COn Vy eranid, tem iiansnission 
line consists of approximately 231% 
miles of 1 /o aluminum, single circuit, 
3-phase, 22,000 volt line, and 24% 
Miles Ole. Sin@lemecwreUiGars 7 10 mia: 
steel conductor line. 


The new extension was construct- 
ed for the purpose of giving service 
to the following municipalities :— 


AWiston = ConmnecteCay avielOn TO Lor 


Beetomes. ulyes20; 
Tottenham Sept a0, 
Cookstown FAN o) Gane 
Thornton Octse 1.6; 
Bradford Sept. 10} 
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Association Municipal 
Electrical Engineers 
Winter Session, January 30 and 31, 1919 


RRANGEMENTScov- 
ering the Winter Con- 
vention of the Associ- 
ation of Municipal 
Electrical Engineers 
have been practically 


completed. 


The meetings will be held in the 
Chemistry and Mining Building and 
the Engineering Building, University 
of Toronto. 

The programme will consist of :— 


A paper by W. B. Johnson, Man- 
ager, New Business Department, 
Montreal Light, Heat & Power Con- 
solidated, entitled “The Advisability 
of Electric Companies Handling 
Appliances and Supplies and Main- 
taining Standard Prices as Establish- 
ed by the Manufacturers. ’ 


An address by W. L. Goodwin, 
Electric Company, New York, on the 
“Goodwin Plan.” 


Aa talkieonse-Oower- Hactor mana 
Gemonstrationsby) W.fAEL. sierice, 
Associate Professor of Electrical 
Engineering, University of Toronto, 
with Oscillograph. 


Oe apcte oye eA on ioe sarnes: 
Assistant Engineer, Hydro-Electric 
Power Commission of Ontario, en- 
titled “Bare Versus Weather-proof- 
covered Wires for Potentials above 
750 volts. | 

On the evening of January 30th, 
there will be an Association Supper, 
when Mr. CC, HH. Hopper, “Sales 
Manager, Canadian Westinghouse 
Co., will speak. 


The election of officers for the 
coming year will be held during the 
convention. 


The Goodwin Plan 


ILLIAM _L. -GOOD- 

V7} WIN, who will address 

the Convention of the 

Municipal — Electrical 

7\ Engineers’ Association 

in Toronto, January 

oth, is the author of the “Goodwin 
Plan.” 


The Goodwin Plan is the basis of 
a campaign of education conducted 
principally through trade papers, 
trade organizations and other chan- 
nels to co-operate the various in- 
terests in the electrical industry, so 
that there may be established retail 
distribution. of electrical materials 
at fair prices to the consumer, and 
a fair profit to all parties taking part 
in the transactions. 


The electrical manufacturers, job- 
bers, central stations, contractors 
and dealers throughout the United 
States have been rapidly interested 
in the movement. 


Mr. Goodwin, several years ago 
organized the electrical industry 
on the Pacific Coast, where his plan 
was put in operation. The results 
obtained were an enormously in- 
creased per capita sales, the intro- 
duction of adequate cost accounting, 
improved credits and harmonious 
relations between the various in- 
terests. The promotors of the Good- 
win Plan hope to extend such 
conditions throughout the country. 
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Ieetters from Readers 


Canadian Engineers, 
Seaford Camp, 
Seaford, Sussex, Eng. 
(c-o Army Post Office, London) 
27-11-18. 
Dear Hydro: 

I now take the pleasure of writing 
vouewa iew lines, as I am ‘at last 
settled in our regular training camp. 
Since leaving Canada I have had a 
rather exciting experience. We 
left Canada on September 26th, 
setting sail at Montreal, and on 
October 11th we landed in England, 
after having a very miserable voy- 
age, it being cold, wet and exceed- 
ingly rough. We had not left the 
Canadian shores very long when a 
number of us were taken down with 
influenza, | being one of the number. 
For the last ten days of our voyage 
I was a patient in the boat's hospital 
and after landing was taken to one 
of the hospitals in the City of Exeter, 
about one hundred miles inland. 

I remained there for three weeks, 
then was sent to a Canadian Con- 
valescent Hospital at a place called 
Workingham, about two hundred 
miles further on from Exeter. After 
remaining there for a time was sent 
on to the Engineers Camp at Sea- 
ford; at present I am attached to 
that part of the camp where men are 
kept who are unable to drill, but 
as I am feeling very well now, expect 
to be moved very soon to the regular 
reserve. Youcan see from the above 
that I have had quite a time, and 
have every reason to be thankful 
that I am alive. 


During our voyage we lost 35 
of our men with influenza and they 
were buried at sea; we took off after 
landing, over one hundred stretcher 
cases who were placed in the hos- 
pitals at that place and we learned 
later that 75 of those cases died, 
so you see that this influenze is 
worthy keeping sclearaom. 1b its at 
all possible. I have heard that it is 
now raging in Canada but I hope 
you all have escaped the disease. 


Well, at last the day that has long 
been looked for has arrived and | 
can assure you it is appreciated by 
all. At the time .the armistice was 
signed, I was at Wokingham Hos- 
pital—at eleven o clock that morning 
we received the news by way of 
bells ringing, whistles blowing from 
the ‘City 4of “Reading threes miles 
distant. It was not necessary to 
get any further word, we all knew 
quite well what it meant and it was 
not long until all the walking pa- 
tients were out and perhaps we did 
not have a real demonstration; 
everybody went wild, the officers 
and whatever nurses could get away 
went to London, a distance of about 
thirty smiles; store thes rest. or the 
day and evening. They told us the 
city was simply crowded with people 
and such a demonstration was never 
known. It was almost impossible 
to pass through the streets. We all 
feel now that sooner or later we shall 
be back again in Canada and return 
to our different homes, once more to 
live in peace. 
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We have had remarkable weather 
since I landed here. It has been 
quite mild and exceedingly fine. 
Sunday I saw roses and other 
flowers in full bloom. I have seen 
very little frost thus far. To-day 
it has rained all day, perhaps from 
now on we will have plenty of rain 
as this country is noted for wet 
weather. 

I expect to go to London soon for 
six days. After landing we are all 
entitled to shore leave but on account 
of the influenza rage, all passes were 
cancelled, but as they have decided 
it is not necessary to hold the boys 
longer, we hope for our turn soon. 

Having spent most of my time in 
the hospitals, I have very little of 
interest to tell you. I notice a 
vast difference in this country as 
far as electricity is concerned. Elec- 
tricity does not appear to be used 
extensively; every place I have been 
in, gas is generally used for lighting 
both for residential and_ street- 
lighting. Up to the time the Armis- 
tice was signed, you would see one 
street light here, with all the top 
part of the glass case painted black 
and about four or five hundred feet 
away, you would see another. Now 
all the glasses are cleaned off and 
about every other lamp _ lighted. 
The <entire street lighting is not 
carried out, as fuel is very short over 
here and at the best the streets are 
very dark. If those people saw some 
of the Canadian cities lighted they 
would surely get a surprise. At the 


camp here they generate their own 
electricity and all huts are lighted. 
They run five machines with gas 
enpines.,  “Ehis is theronlivemlant ol 
have seen since coming over here. 
After my visit to London I'll be able 
to tell you more about the place. 

Well the thing that concerns us 
mostly just now is when we are going 
to get home. The Government 
appears to be doing very good work, 
quite a number of married and low 
category men have already left the 
camp for home, but when one 
considers the number of soldiers, 
including United States men over 
here, those who came last feel 
they may be obliged to wait for 
some time. The English Govern 
ment, I believe, is going to dis- 
charge as many men as possible who 
were filling positions of national 
importance, as soon as they start 
demobilizing. If the Canadian 
Government does that, some of us 
may get back sooner than we might 
if nothing along that line were done. 
However, they cannot get me back 
into ‘civil-life: too “soon; for eam 
anxious to get there as speedily as 
possible. — 

By the time you get this letter 
it will be very close to Christmas and 
I take this opportunity of wishing 
you all a Merry Christmas and a 
Happy New Year. 


Yours very truly, 


George F. Harrington 
No. 3060195. 
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50; MORE LIFE! 


For Your TUNGSTEN and NITRO Lamps 


Makers of ordinary Tungsten and Nitro Lamps 
have always claimed 1000 hoursas the useful life of 
a lamp, but official tests of such grades prove that 
the actual life is, in many cases, only 700 hours. 


HYDRO QUALITY LAMP 


From actual experience, covering a period of over 
five years, have shown an average life of 1500 
HOURS, consequently, Hydro Lamps are now 


Guaranteed for 1500 Hours 


or approximately the number of hours a lamp 
will burn in twelve months. 


You save money and conserve power by 


buying the [500 Hour Hydro Quality Lamps. 


The ordinary lamp may cost less to start with, but the 

HYDRO saves money in the end. The light remains 

always clear and brilliant; they do not blacken and the 
current consumption is low. 


THe HY DR@ EABELE 


Represents Economy and Efficiency 


WHEN YOU NEED LAMPS 


ron {HYDRO QUALITY LAMPS 


AT YOUR HYDRO SHOP 
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